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Figure 4. Composition (%) of the sport fishing catch in weight (kg) 
and numbers/hectare from Lake Winnibigoshish and connected 
waters, 1939, 1957-58 and 1976-77. Relative size of the 
diagram facilitates comparison of between year harvest. 
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An increase in the harvest of walleye younger than age V accounted for most 

of the increase in walleye yields since the 1950's (Table 17; Fig. 5). The 

estimated numbers of walleye harvested increased by 56% from the 1950's to the 

1970's. The harvest of fish younger than age V more than doubled while the 

harvest of fish age V and older declined slightly. The change in harvest of 

older fish is probably not significant since sampling error is larger than the 

difference. Since 1939, the harvest of walleye of all sizes has increased 355%. 

The increased harvest of younger fish has led to a continuing decline in 

the average size caught (Table 18). From 1939 to the 1950's, average weights of 

harvested walleye declined 39% and from the 1950's they declined 12%. The 

average weight of harvested walleye during the 1970's was 54% of that harvested 

during 1939. 

Catch rates for walleye declined substantially between 1939 and the 1950's 

but were identical in th~ 1950's and 1970's ·(Table 19). The catch/manhour in 

the 1950's was 46% lower; than in 1939. The increased harvest of younger fish 

was the principal reason that catch rates were similar in the two recent census 

periods. Since the 1950's, the catch rate of walleye less than age V increased 

50% while the catch rate of walleye age V and older decreased 42% (Table 17). 

The changes in the walleye population are more subtle than the changes in 

harvest. Johnson and Johnson (1971) estimated annual mortality from all causes 

to be 44% from a simple catch curve based on the age frequency of the angler's 

catch. This is identical to the value estimated for this study for age V and 

older walleye. The estimates for the 1957-58 study were recalculated using the 

Robson-Chapman method (Robson and Chapman 1961). The recalculated estimate for 

the 1950's was 41% which indicates that annual mortality has not appreciably 

changed. 
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Table 17. Changes in the estimated summer harvest and catch rate of 
walleye less than age V and age V and older between 1957-58 and 
1975-77, Lake Winnibigoshish and connecting waters. 

1957-58 1975-77 Percent 
average average change 

Estimated total harvest 108,942 169,708 55.8 
Harvest, <age V 49,350 113' 548 130.1 
Harvest, age V and older 59,592 56,160 -5.8 
Catch/manhour, <age V 0.10 0.15 50.0 
Catch/manhour, age V and older 0.12 0.07 -41. 7 

Table 18. Mean weight (kg) of fish harvested from 1939 to 1978, Lake 
Winnibigoshish and connected waters (range in parentheses). 

1939a 1957-59 1975-78 

Summer angling 
Northern pike 1.36 1.44 (1. 27-1. 54) 1. 31 (1.21-1.39) 
Yellow perch 0.37 0.27 (0.26-0.29) 0.20 (0. 18-0. 21) 
Walleye 0.99 0.60 (0.59-0.62) 0.53 (0.50-0.60) 

Winter angling 
Northern pike 1. 71 ( 1. 69-2. 00) 1. 29 (O. 98-1. 53) 
Y Edlow perch 0.20 (O. 20-0. 21) 
Walleye 0.92 (0. 88-0. 97) 0.61 (0.49-0.94) 

Darkhouse spearing 
Northern pike 1.86 (1.78-1.93) 1. 8 5 ( 1. 7 4-1. 9 4) 

Spring angling b 

Yellow perch 0.20 

a 
only. b Summer creel census 

Angling through the ice after 15 February 1978. 
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Figure 5. Comparative walleye harvest by age-class for 
1975-77 {dashed line) and 1957-58 (solid line) 
for Lake Winnibigoshish and connected waters. 
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Table 19. Fishing success (catch per manhour) from 1939 to 1978, Lake 
Winnibigoshish and connected waters (ra~ge in parentheses). 

1939a 1957-59 1975-78 

Summer angling 
Northern pike 0.41 0.09 (0. 09-0.10) 0.06 (9.95-0.09) 
Yellow perch 0.03 0.05 (O. 03-0. 07) 0.23 (0.13-0. 30) 
Walleye 0.41 0.22 (0.20-0.28) 0.22 (0.16-0.29) 

Winter angling 
Northern pike 0.06 (0.02-0.08) 0.03 (0.02-0.03) 
Yellow perch 2.47 (0.42-4.01) 
Walleye 0.09 (0.06-0.15) 0.03 (O. 01-0. 05) 

Darkhouse spearing 
Northern pike 0.15 (0.14-0.16) 0.12 (0.12-0.12) 

Spring angling b 

Yellow perch 4.95 

a 
only. b Summer creel census 

Angling through the ice after 15 February 1978. 

The rate of exploitation apparently increased at a far greater rate 

than total mortality. Minimum rates of exploitation estimated in the 

1970's averaged 25% (Table 11) and ranged from 14 to 33%. Estimates of the 

true rate of exploitation in the 1950's were 11 and 22% in 1957 and 1958 

(average 16.5%), respectively (Johnson and Johnson 1971). Stoudt and Eddy 

(1939) reported that 8% of the tagged walleye were caught from 1937 to 

1939. Most of the walleye caught by mid-summer trawling and tagged in 1975 

and 1976 were immature but rates of exploitation were similar to those for 

adult fish tagged from spawning runs. 

Since exploitation has increased between the two most recent studies 

and the harvest of age V and older walleye has not significantly changed, 

the abundance of adult walleye must have declined since 1958. A minimum 

estimate of this decline is 38%. This value is similar to the estimated 

reduction in catch rate for older walleye (Table 17). 
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There is evidence that anglers have become more proficient at 

harvesting mature walleye during the 1970's. A comparison of catch curves 

based on length frequencies from spawning runs and the angler's catch for 

the two recent study periods indicated that anglers were catching adult 

walleye more nearly in proportion to their abundance in spawning runs 

during the 1970's. Analysis of covariance indicated that the log 10 

frequencies of walleye 432 mm TL and larger in the spawning runs differed 

significantly from the frequencies in the angler's catch during the 1950's 

but not during the 1970's (Table 20). There were no significant 

differences in the size frequencies of spawning males 381 mm TL and larger 

and females 457 mm TL and larger between the two periods. 

Serns and Kempinger (1981) and Serns (1978) demonstrated that the rate 

of exploitation for walleye decreased with size and age in Escanaba Lake, 

Wisconsin. The analysis of length frequencies from the 1950's indicates 

that this was also the case at Lake Winnibigoshish but there has been a 

marked change since then. Larger walleye still appear to be slightly less 

vulnerable to angling at Lake Winnibigoshish. The mean length at tagging 

of walleye marked in spawning runs and caught by anglers the following 

summer was lower than the mean length of all fish tagged for both sexes and 

all three years of the recent study (Table 21). The differences were 

statistically significant (P< 0.05) when data for all years were combined. 

Conclusive evidence of compensatory changes in the walleye population 

as a result of exploitation is lacking. Spangler et al. (1977) stated that 

the most conspicuous responses of percids to exploitation are increased 

growth rates, reduction in age of first spawning and increased variability 

of recruitment. Walleye growth rates in the 1970's were similar to those 

in the 1950's and there was no change in age of first spawning for either 

sex. The dominance of the 1973 year-class in the catches of 1976 and 1977 

-33-



I 
w 
.f:--
1 

Table 20. Summary of covariance statistics of length frequencies (log10) for adult walleye in spawning runs 

' k a,b and in the angler s catch, La e Winnibigoshish and connecting waters. 

Comparison 

Spawning runs 
Male > 381 mm TL 
Male > 381 mm TL 

Female > 457 mm TL 
Female > 457 mm TL 

Both sexes > 432 mm TL 
Both sexes > 432 mm TL 

Anglers catch 
> 432 mm TL 
> 432 mm TL 

Spawning run > 432 mm TL 
Anglers catch-2 432 mm TL 

Spawning run > 432 mm TL 
Anglers catch-> 432 mm TL 

Years 

1951,57,58,69 
1975-77 

1951,57,58,69 
1975-77 

1951,57,58,69 
1975-77 

1957-58 
1975-77 

1951,57,58,69 
1957-58 

1975-77 
1975-77 

Regression statistics 

Intercept slope 
a b 

2.9561 
2.9795 

2.9015 
2.6264 

2.6206 
2.6141 

2.8673 
2.5774 

2.6206 
2.8673 

2. 5774 
2.6147 

-0.2452 
-0.2738 

-0.1908 
-0.1580 

-0.1430 
-0.1448 

-0.2260 
-0.1448 

-0.1430 
-0.2260 

-0.1448 
-0.1366 

Correlation 
coefficient 

r 

-0.938 
-0.994 

-0.885 
-0.945 

-0. 962 
-0.982 

-0.982 
-0. 996 

-0. 962 
-0.982 

-0.982 
-0. 996 

F-test, 
slopes 

0.64 

0.74 

0.01 

33.96 

16.91 

o. 72 

d.F. 

1,14 

1,18 

1,18 

1,18 

1,18 

1,18 

Probability of 
F occurring 

by chance 

0.439 

0.401 

0.917 

0.001. 

0.001 

0.408 

a Spawning run length frequencies for the earlier years are from Johnson (1971) and are a composite of length 
frequencies from the 1951, 57, 58 and 69 runs at Little Cutfoot Sioux Lake. 

b Spawning run length frequencies for the later years are a composite from the 1975-77 runs at Little 
Cutfoot Sioux Lake. 



Table 21. Mean total length (mm) at time of tagging of walleye marked 
and caught by anglers and of all walleye marked in the Little 
Cutfoot Sioux Lake and Third River spawning runs, Lake 
Winnibigoshish and connecting waters, 1975-77. Sample sizes 
in parentheses with standard deviation listed below the 
mean length. 

Males 
Recaptured 

Year Tagged anglers 

1975a 386(693) 381 (135) 
41.4 45.2 

1976a 
414(938) 407(162) 

47.8 39.1 

1977b 382(468) 379(137) 
43.4 41.1 

1957-77 398(2,099) 390(434) 
43.4 

: Little Cutfoot Sioux Lake 
Third River 

39.6 

Females 
by Recaptured by 

Tagged anglers 

463(125) 450(40) 
62.0 54.1 

513 (988) 505 (135) 
67.8 61.0 

491(46) 490(15) 
59.4 30.0 

507(1,159) 493(190) 
66.8 57.9 

may be a symptom of increased variability in recruitment, however, there 

are no comparable data series to indicate that the variability differed in 

the two recent study periods. 

Northern Pike Fishery 

Northern pike contributed a substantial portion of the total yield 

during all three studies (Fig. 4). They comprised 56, 48 and 29% of the 

yield during 1939, 1957-58 and 1975-77 studies, respectively. By number, 

they comprised 47, 33 and 10% of the catch, respectively. 

The northern pike sport fishery has changed little since 1939. Annual 

yields have varied from 2.0 to 2.9 kg/ha and no trends in yield were 

evident (Table 16). The relative proportion of the catch taken by angling 

and by darkhouse spearing was also similar in the 1950's and the 1970's. 
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The average sizes of harvested northern pike were also similar for the 

three studies (Table 18). Northern pike caught by summer anglers averaged 

1.4 kg and ranged from 1.3 to 1.4 kg. The average weights of pike 

harvested by darkhouse spearing were identical in the 1950's and the 

1970's. Winter anglers in the 1970's harvested pike that were 

substantially smaller than those taken in the 1950's but only about one 

percent of the harvest was taken by this method. 

The major change in the northern pike sport fishery was a decline in 

catch rates by angling (Table 19). This decline was roughly proportional to 

the increase in fishing pressure. The catch rate by darkhouse spearers was 

slightly lower during the 1970's than during the 1950's. 

Yellow Perch Fishery 

The phenomenal increase in the harvest of yellow perch during the 

course of this study was noted earlier but increasing interest in perch by 

anglers was already evident in the 1950's. The summer yield of perch has 

increased from less than 0.1 kg/ha to 1.2 kg/ha (Table 16). Since 1958, 

the yield of perch has increased 400% during the period mid-May to 15 

February. The addition of the large, late-winter harvest in 1978 increased 

the 1977-78 yield compared to the 1939 summer yield by 370%. It is assumed 

that most of the harvest in the 1930's occurred in summer. 

Catch rates for yellow perch have also increased dramatically. 

Between 1939 and the 1950's, summer catch rates increased 67% and they 

increased 360% between the 1950's and the 1970's (Table 19). The average 

size of harvested yellow perch has declined since 1939 (Table 18). The 

mean weight of perch caught and kept in the 1970's was 26% lower than in 

the 1950's and 46% lower than in 1939. The increased catch rates and 

smaller average size of retained fish is likely the result of increased 

angler acceptance. 
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DISCUSSION 

Increased fishing pressure almost certainly caused the changes that 

have been observed in the walleye sport fishery at Lake Winnibigoshish in 

the last 40 years. The increase in effort was measured but anglers also 

have more sophisticated equipment and the knowledge of successful fishing 

techniques is more widely disseminated. Shoreline erosion may have damaged 

some walleye spawning areas but strong year-classes are still regularly 

produced. There were no other evident changes and the species composition 

of the sport fishing catch during the three studies suggests that there has 

been little change. 

The most conspicuous responses of percids to exploitation are 

increases in growth rate, reduction in age of first spawning and changes in 

variability of recruitment (Spangler et al. 1977). Growth rates observed 

in this study were similar to those in the 1950's and age of first spawning 

for either sex did not change. The dominance of the 1973 year-class in the 

catch in 1976 and 1977 may be a symptom of increased variability in 

recruitment, however, there are no comparable data series to indicate that 

the 1950's and the 1970's differed. The nearly two-fold variation in 

annual walleye harvest during this study (Table 2) was the greatest 

observed for large walleye lakes censused in Minnesota but is small 

compared to the 11-fold variation observed at Lake Oneida, New York (Forney 

1980). Greater fluctuations in commercial yields have also been noted at 

Red Lake, Minnesota (Smith 1977) and at Shoal Lake, Ontario (Schupp and 

Macins 1977). 

The similarity of the harvests of walleye age five and older in the 

1950's and 1970's, though exploitation rates have increased, indicates a 

marked decline in abundance of older fish. This is further corroborated by 

the evidence that anglers have become more proficient at catching adult 
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walleye. The decrease in vulnerability with size and age noted by Serns 

(1981) is still evident at Lake Winnibigoshish but anglers were harvesting 

walleye >432 mm TL nearly in proportion to their abundance in the spawning 

runs in the 1970's. This is in sharp contrast to the 1950's. 

Changes in the walleye sport fishery between 1939 and the 1950's 

(Johnson and Johnson 1971) continued between the 1950's and the 1970's. 

Yield increased and the average size harvested decreased. Catch rates in 

the 1950's and 1970's were similar only because of the huge increase in 

harvest of walleye age-classes III and IV. The decline in catch rate of 

walleye age V and older was almost inversely proportional to the increase 

in summer fishing pressure. 

The northern pike yield exceeded that of walleye in 1939 but was 

relatively less important in the recent studies. The stability of the 

northern pike fishery since 1939 is probably the result of a pike harvest 

that is largely incidental to walleye fishing. Spawning habitat for pike 

is ample and so long as most fishing effort is directed at walleye the 

stable pike fishery should continue. 

Continued intensive harvests of yellow perch, such as that in 1978, 

would substantially alter the community dynamics of Lake Winnibigoshish. 

Adult perch of the size taken by anglers are not particularly vulnerable to 

predation and are a resource that was previously under-utilized. A large 

reduction in abundance of adult perch should stimulate greater recruitment 

which in turn could influence the walleye fishery. Walleye in Lake Oneida, 

New York were most vulnerable to exploitation when perch abundance was low 

(Forney 1980). Continued high recruitment of perch could reduce walleye 

fishing success and contribute to faster walleye growth rates, thus 

mitigating to some extent the effects of high exploitation. Interest in 

yellow perch angling will likely continue to increase, however it is 
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unlikely that the huge harvest of perch in late-winter 1978 will be 

annually repeated. Winter fishing pressure is dependent on the severity of 

the winter. When snowfall is high, travel on the lake is difficult and 

fishing pressure is low. 

A continuation of the trends noted in the walleye fishery since 1939 

can be expected if fishing pressure continues to increase. Greater 

variation in recruitment would likely occur, leading to wider oscillations 

in fishing success from year-to-year. The harvest of adult walleye more 

nearly in proportion to their abundance can also be expected to continue. 

Increases in growth rate and earlier age of spawning may compensate for 

some of the reduced abundance of adult walleye. 

MANAGEMENT IMPLICATIONS 

Forney (1980) pointed out that exploitation of walleye is difficult to 

control through regulations. At current levels of exploitation on Lake 

Winnibigoshish, the walleye fishery would probably continue to yield 

harvests similar to those observed from 1975 through 1977. Yearly 

monitoring is necessary to document any changes in exploitation or the 

population structure. If increased fishing pressure leads to a more 

unstable fishery, stringent regulations would have to be applied to reduce 

exploitation. Regulations tailored to Lake Winnibigoshish would be the 

most effective means of regulating the harvest. 
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